We find an N = 1 gauge theory that flows to the rank-one N = 2 superconformal field theory with E 7 flavor symmetry. We first obtain a Lagrangian description for the R 0,N theory, which appears in the S-dual description of the SU (N ) gauge theory with 2N fundamental hypermultiplets. This is a straightforward generalization of the proposed Lagrangian description for the E 6 theory. The E 7 theory is then obtained via partial Higgsing of the R 0,4 theory. From this Lagrangian description, we compute the full superconformal index. We also consider twisted dimensional reduction on S 2 to obtain N = (0, 4) theory for the E 7 one instanton string and compute its elliptic genus.
Introduction
In recent years, it has become evident that there exists a vast landscape of non-conventional strongly-coupled theories that are not readily describable in terms of conventional Lagrangian path-integral approach. These so-called "non-Lagrangian" theories do not admit a weakly coupled description that can be studied using perturbation theory. These theories are mostly obtained via string/M-theory construction or realized as a special limit of certain known Lagrangian field theories. Nevertheless, plenty of quantitative properties have been obtained via various methods mostly thanks to string/M-theory origin of the theory.
More recently, it was discovered that certain non-Lagrangian 4d N = 2 SCFTs can be actually obtained as infrared theories of N = 1 gauge theories, where supersymmetry gets enhanced at the fixed points. This microscopic realization provides a useful direct way of investigating quantitative nature of such theories. Two distinct classes of examples have been found. One is the case of E 6 SCFT, that is obtained in a way that utilizes S-duality in a crucial way [1] . This gave a physical interpretation of the Spiridonov-Warnaar inversion formula of the elliptic beta integral [2] . The other is the Argyres-Douglas (AD) SCFTs, which are realized as fixed points of adjoint SQCDs or quiver gauge theories with a number of gauge singlets, deformed by dangerously irrelevant operators [3] [4] [5] [6] [7] [8] [9] 1 .
In this paper, we generalize the result of [1] to the SU (N ) case to obtain a Lagrangian description for the R 0,N theory [12] , which reduces to the Minahan-Nemechansky's E 6 theory [13] for N = 3. Then by considering a partial Higgsing for the R 0,4 theory, we obtain the E 7 theory [14] . These "Lagrangians" enable us to compute the supersymmetric partition functions of the R 0,N and the E 7 theories. We compute the superconformal index of the E 7 theory, which can be considered as a straightforward generalization of [15] for the E 6 theory.
We also consider a twisted dimensional reduction of the R 0,N theory and the E 7 theory to 2d N = (0, 4) SCFT [16, 17] . Especially the E 7 theory describes the one instanton string of E 7 group, from which we compute its elliptic genus and compare with other results in existing literature.
This paper is organized as follows: We describe the matter content and interactions for the R 0,N and E 7 theory in section 2. Following this, we compute the full superconformal indices for these theories in section 3 and compare with the known results in special limits. In section 4, we consider twisted dimensional reduction to 2d and compute the elliptic genus of the E 7 theory and compare with the known result. We then conclude with some remarks. Some detailed results of the computations are given in appendices.
2 Lagrangian for the R 0,N and E 7 theory The chiral ring is generated by the following generators:
• Moment map operators, µ SU (2N ) and µ SU (2) , transforming in the adjoint representations of SU (2N ) and SU (2) respectively. The (I 3 , r) charge for both of them is given by (1, 0). Thus they both have a scaling dimension given by ∆(µ SU (2N ) ) = ∆(µ SU (2) ) = 2.
• Q (N ) , transforming in the (∧ N ,2) representation of SU (2N ) × SU (2), with (I 3 , r) = (
2 , 0) and ∆(Q (N ) ) = N − 1. These three parametrize the Higgs branch of the R 0,N theory.
• The Coulomb branch operators, u d , where d = 3, 4, . . . , N , with (I 3 , r) = (0, 2d) and ∆ = d.
1 Also see [10] , where it has been shown, following the integral identities in [11] , that upon dimensional reduction, the S 3 partition function of the these Lagrangians matches exactly with that of the 3d mirror of the corresponding AD theory.
Here ∧ k is the k-index anti-symmmetric tensor representation and I 3 and r are the charges of the Cartan of SU (2) R and U (1) r of N = 2 R-symmetry respectively. The Coulomb branch is freely generated. On the other hand, the Higgs branch operators satisfy various chiral ring relation. For operators with low scaling dimensions, these relations are as follows:
where X is arbitrary Higgs branch operator. The chiral ring relations were studied also in [18, 19] .
S-duality The R 0,N theory was originally found as the strong coupling limit of the N = 2 SU (N ) SQCD with 2N fundamental hypermultiplets [12] , by generalizing the arguments in [20, 21] . More precisely, the N = 2 SU (N ) gauge theory with 2N fundamental hypermultiplets is dual to the theory obtained by gauging the SU (2) ⊂ SU (2)×SU (2N ) flavor symmetry of R 0,N and coupling it to a single SU (2) fundamental hypermultiplet [12] . When N = 3, it reduces to the Argyres-Seiberg duality [20] between SU (3) N f = 6 theory and the E 6 SCFT. In Appendix A.1, we will show that the chiral ring generators and the relations are consistent with the duality. From the class S perspective [21, 22] , the R 0,N theory is realized as a low energy effective theory obtained by compactifying the 6d N = (2, 0) theory of type A N −1 on a three-punctured Riemann sphere with two maximal punctures and the third puncture being specified by the L-shaped partition [N − 2, 1 2 ]. The flavor symmetry carried by the punctures are SU (N ) 2 × U (1) × SU (2), which is indeed a maximal subgroup of the full flavor symmetry SU (2N ) × SU (2).
Lagrangian for R 0,N We now describe the N = 1 Lagrangian which flows to the R 0,N theory in the infrared. To do so, we apply the deformation described in [1] verbatim to the N = 2 SU (N ) gauge theory with 2N fundamental hypermultiplets. This deformation procedure utilizes the S-duality described above. Indeed in order to get the R 0,N theory on the dual side of SQCD, what we have to do is to ungauge the SU (2) g gauge part and decouple the additional hypermultiplet denoted here by (q,q). This is easily done in the following manner: we first turn off the coupling for the superpotential term qφ Dq , where φ D is the N = 1 chiral multiplet residing in the N = 2 vector multiplet for SU (2) g . Upon doing this, the U (1) s flavor symmetry acting on the hypermultiplets is enhanced to SU (2) s . We further gauge this SU (2) s by an N = 1 vector multiplet and add two chiral doublets of SU (2) s . This step will bestow us with an additional SU (2) w flavor symmetry acting on the newly added doublets of SU (2) s . We will denote these new SU (2) s doublets as (p,p) with p andp having SU (2) s -spin respectively. From the point of view of the SU (2) s gauge group, we now have an N = 1 SQCD with N f = N c = 2. This implies that at low energies, the SU (2) s gauge group will confine with a quantum deformed moduli space constraint PfM = Λ 4 [23] . Here M are the mesons/baryons constructed from q,q, p andp and Λ is the dynamical scale of the SU (2) s gauge symmetry. One can now choose the vacuum where SU (2) g × SU (2) w symmetry is broken down to its diagonal SU (2) group by adding gauge singlet fields T and T ′ coupled through the superpotential terms T b + T ′b , where b = pp andb =with SU (2) s indices contracted appropriately. Finally, the remaining φ D can be integrated out by coupling it to a new chiral field µ, via a superpotential mass term µφ D . By these operations, one recovers the R 0,N theory.
By the deformation, the U (2) R symmetry is broken to its Cartans U (1) r × U (1) t , where U (1) t is defined by t = I 3 − r 2 . The U (1) t charge of q and φ D are 1 2 and 1 respectively. That of p is determined by requiring that the SU (2) g × SU (2) w × U (1) t enhances to SU (4) when we turn off the gauge coupling of SU (2) g . Thus the U (1) t charge is − 1 2 . Let us consider this deformation on the SQCD side. We will denote the SU (N ) vector multiplet and hypermultiplets in the N = 1 notation as (W α , Φ) and (Q,Q) respectively. Taking the superpotential coupling to zero in the dual side maps to the large coupling limit of QΦQ term in the SQCD side. In this limit, the enhanced SU (2) s symmetry appears, which we gauge by an N = 1 vector multiplet W ′ α and introduce two copies of the SU (2) s doublet (p,p). We further add the singlet fields T , T ′ and µ and three flipping terms T B +T ′ B ′ +µφ, where B and B ′ are made out of Q,Q and p,p respectively. Here φ is some operator that transforms in the adjoint of the emergent SU (2) s . The various fields appearing in the Lagrangian, along with their charges are given in Table 1 . Here we simplified the presentations of [1] by making the SU (2N ) global symmetry manifest. The U (1) r will mix with U (1) t to give the R-symmetry at the fixed point in the infrared, the exact linear combination being determined by a-maximization [24] .
Note that the U (1) s charges of Q andQ are determined by computing the anomalies on the both sides of the original duality as follows: since on the dual side, the multiplets q andq become a doublet of the SU (2) s , their U (1) s charges should be normalized as ±1. Therefore the anomaly TrR N =1 U (1) 2 s = (2/3 − 1) · 2 · 2 = −4/3. On the SQCD side, letting the U (1) s charges of Q andQ be ±s Q , the corresponding anomaly is computed to be TrR
. This fixes the s Q = 1 N .
a-maximization Let us parametrize the R-charge as R = r +St, where the numerical value of S is to be determined by a-maximization. The trial central charges are then given by
6)
It is straightforward to check that a trial gets maximized at S = 4/3. For this value of S we find that the central charges are identical to those of the R 0,N theory (2.1).
E 7 theory from Higgsing of R 0,4
The R 0,4 theory has an SU (8) × SU (2) flavor symmetry. Upon giving a nilpotent vev to the moment map operator µ SU (2) of the SU (2) part of the flavor group, the theory flows to E 7 SCFT in the infrared. From the class S perspective, this is tantamount to changing the shape of Young diagrams for a three-punctured sphere of type (
The resulting theory has a manifest flavor symmetry given by SU (4) × SU (4) × SU (2) which enhances to E 7 . We can also consider an analogous nilpotent Higgsing of R 0,N theory. Let us call the resulting theoryR 0,N . In the class S language, it arises from the three-punctured sphere with two maximal punctures and one puncture of type [N − 2, 2]. It becomes the E 7 theory for N = 4.
From the perspective of the "Lagrangian" in the previous subsection, we give a nilpotent vev to the moment map operator µ for the SU (2) w flavor symmetry. This can be done by following the same procedure as in [25, 26] . Before Higgsing, we have the superpotential term W ⊃ µφ. Now, we give a nilpotent vev σ + = σ 1 + iσ 2 to µ, where σ i are the Pauli matrices. This will shift the U (1) t charge by t → t − 2w 3 where w 3 denotes the weight of the SU (2) w . Two out of three components of µ (with w 3 = 0, 1) will be decoupled after Higgsing and we will be only left with the one with w 3 = −1, which we denote as µ ′ . 2 This yields the matter content for theR 0,N theory as in table 2. This matter content is consistent with the formula for the index we discuss in section 3.
The trial central charges are given as 
Upon maximizing the trial a-function, we again obtain S = 3 The full superconformal index
Index of the R 0,N theory
The full superconformal index of the R 0,N theory can be computed using the Lagrangian described in section 2.1. This is equivalent to starting with the index of 4d N = 2 SU (N ) gauge theory with 2N fundamental hypermultiplets and using the Spiridonov-Warnaar inversion formula [2] to extract the index of R 0,N , exactly in the same way as the index for the E 6 theory was computed in [15] . We will go through the details of this computation explicitly in this section.
The N = 2 superconformal index is defined as
where I 3 and r are the charges of the Cartan of the SU (2) R and U (1) r of 4d N = 2 superconformal algebra respectively, while j 1 , j 2 are the two Cartans of the 4d Lorentz group
The fugacities (p, q, t) of the first definition can be related to the second one (t, y, v) via p = t 3 y, q = t 3 /y, t = t 4 /v. The superconformal index of the 4d N = 2 SU (N ) gauge theory with 2N fundamental hypermultiplets can then be written as
where s and a are the fugacities of U (1) s and SU (2N ) respectively, and
The repeated exponent denotes we multiply terms of each sign Γ(z ±1 ) ≡ Γ(z 1 )Γ(z −1 ). The elliptic gamma function is defined as
Each factors of Γ((pq) r/2 t T . . .) denotes a chiral multiplet of U (1) r charge r and U (1) t charge T . The terms in the denominator and κ comes from the vector multiplet and 1/N ! comes from the Weyl group of the gauge group SU (N ). As mentioned earlier, this theory admits an S-dual frame consisting of a single SU (2) fundamental hypermultiplet coupled to the R 0,N theory via an N = 2 gauging of its SU (2) ⊂ SU (2) × SU (2N ) flavor symmetry. If we now let I R 0,N (w, a) represent the index of R 0,N with w being the fugacity of SU (2), then I SU (N ) can be written as
As in the case of [15] , we can use the Spiridonov-Warnaar inversion formula to obtain the index of the R 0,N theory. This gives
where the contour C s includes the poles at s = w ±1 t −1/2 but not the ones at s = w ±1 t 1/2 . We find that this is indeed the index computed from the matter content in the table 1. To see this, note that
where we used the fact that Γ( pq z )Γ(z) = 1. These 3 terms come from the singlet fields µ, T, T ′ .
Evaluating the above integral for N = 4 explicitly up to O(t 8 ) (after substituting p = t 3 y, q = t 3 /y, t = t 4 /v), we obtain
where the symbol χ SU (2) n (with no argument) denotes the character for the n-dimensional representation of the flavor SU (2) and the symbol χ SU (2) n (y) with argument y denotes the character for the n-dimensional representation SU (2) 1 part of the Lorentz group. A similar notation has been used to denote the characters for various representations of the SU (8) flavor symmetry of R 0,4 . We present the index for the R 0,4 theory up to order O(t 18 ) in appendix B. These are consistent with the chiral ring stated in the beginning of section 2.1.
Index of the E 7 theory
To obtain the index of the E 7 theory from that of R 0,4 , first recall that for T N theories the superconformal index is expected to be of the form [30] [31] [32] [33] 
where a, b and c are the fugacities of the respective SU (N ) group associated to the three punctures of the T N theory and ψ λ (a) are symmetric functions of the N variables a = (a 1 , · · · , a N ) with λ being the label for irreducible representations of SU (N ). It is useful to rewrite ψ λ (a) as
If we now Higgs the puncture according to a partition Λ, then the index of the theory with the reduced puncture can be obtained from that of
where we follow the notation of [25] . K Λ (u) in the Macdonald limit was obtained in [32, 34] and the general form was conjectured in [25] to be
Here, R j 's are irreducible representations of the flavor symmetry that arise upon decomposing the adjoint representation of the SU (N ) according to the SU (2) embedding specified by the partition Λ:
where V j are the SU (2) spin-j irreducible representations. This expression is identical to the contribution of the conserved current multiplet. By using this and the fact that both the R 0,4 theory and the E 7 theory can be obtained from T 4 , we expect
and 
. From this we see that the indices of E 7 and R 0,4 are related by
This procedure can be thought of as picking up the residue at w = t 1 2 in superconformal index of R 0,N (as described in [33] ) and removing the Goldstone modes after Higgsing. Here, upon Higgsing, the SU (2) part of the conserved current is being removed. To this end, we simply get
with
Upon explicitly computing this expression, we find that 17) which can be expanded in t to give
(y)
where, χ
denotes the characters of d-dimensional irreducible representation of E 7 and χ SU (2) n (y) denotes the n-dimensional irreducible representation of SU (2) 1 ⊂ SO(3, 1) Lorentz that commutes with the supercharges used to define the index in (3.1). The appearance of χ v shows that there is a conserved current of the E 7 flavor symmetry. The coefficient of t 6 captures the contribution from the conserved flavor currents as well as the stress-energy tensor.
The coefficients of t 2 = 19) which is consistent with our result. The various terms appearing in the E 7 superconformal index up to O(t 20 ) can be found in appendix C. One can also take the Schur limit (p → 0, t → q) of (3.18) to get
This result agrees with the computation done using the TQFT description [31, 32, 38] .
4 Elliptic genus of the E 7 instanton string N = (0, 4) duality It was shown in [16] , that there exists a class of 2d N = (0, 4) theories that admit duality transformations akin to the dualities of 4d N = 2 class-S theories. More precisely, the aforementioned 2d N = (0, 4) theories arise from dimensionally reducing the 4d class-S theories on a CP 1 with a partial topological twist. For the Lagrangian theories, the reduction simply maps 4d hypermultiplets to 2d (0, 4) hypermultiplets, and 4d vector multiplets to 2d (0, 4) vectors. It therefore follows that the 2d N = (0, 4) Lagrangian consisting of an SU (N ) gauge theory coupled to 2N fundamental (0, 4) hypers admits an S-duality frame where it is described by the dimensionally reduced version of R 0,N coupled to a doublet of hypermultiplets via an SU (2) gauge group. When a 2d N = (0, 2) superconformal theory admits a gauge theory description, one can compute the elliptic genus using localization [39, 40] . It was shown in [16] that the elliptic integrals that appear in the elliptic genus computation admit an inversion formula which is similar in spirit to the Spiridonov-Warnaar inversion formula for the elliptic beta integrals. This can then be used to extract the elliptic genus of R 0,N starting from that of the SU (N ) gauge theory with 2N fundamental hypers.
Let us briefly summarize this procedure. The statement of the elliptic inversion formula is: Let f (z) is a meromorphic function such that f (z) = f (1/z) and f (qz) = q 2 z 4 f (z). Then the following identity holds (q; q) 4 4
Here θ(x) is defined as
S-duality implies that elliptic genus of the SU (N ) gauge theory is related to the elliptic genus of R 0,N by the following 2d version of (3.4):
If we now choose f (z) to be given by
and subsitute in (4.3), we obtain the following integral expression of the elliptic genus of R 0,N :
Here a are the fugacities for the SU (2N ) flavor symmetry carried by the SU (N ) gauge theory as well as the R 0,N theory. When N = 3, this gives the elliptic genus of MinahanNemeschansky's E 6 theory [16] . We can now use the above identity to obtain the elliptic genus of R 0,4 theory and then appropriately "Higgs" it to obtain the elliptic genus of Minahan-Nemeschansky's E 7 theory.
Elliptic genus of the E 7 instanton string Repeating the same procedure as in the case of 4d, it is straight-forward to write down the 2d N = (0, 2) theory from the dimensional reduction of the 4d matter content given in table 2. Basically the dimensional reduction maps 4d chiral multiplets to 2d (0, 2) chiral multiplets, but when a 4d chiral multiplet has U (1) r charge 2, it becomes a 2d (0, 2) Fermi multiplet.
The elliptic genus can be obtained via following integral:
The θ functions in the denominators come from chiral multiplets and the numerators come from Fermi multiplets. One see that this expression can be obtained via simply taking Γ(t T z) → 1/θ(v 2T z) from the integral expression for the 4d index (3.18). The integration contour is chosen by the Jefferey-Kirwan formula [39] . Evaluating the integral, we obtain a large expression in terms of ratio of theta functions. Upon expanding in terms of q and v, we obtain
238602 v 6 + . . .
133 + 1 + 2χ
133 + 2χ
The q 0 term reproduces the Hilbert series of the (centered) 1-instanton moduli space of E 7 [35] [36] [37] , as it should. The stringy contributions agree with the result of [41] .
Conclusion and Discussion
In this paper, we have obtained an N = 1 Lagrangian theory that flows to the MinahanNemeschansky N = 2 SCFT with E 7 global symmetry following a method that is very similar the one proposed for the E 6 theory [1] . Along with the "Lagrangian" for the E 6 theory, our version shares an identical issue of not having manifest SU (2) s gauge symmetry that we gauge. This symmetry is visible in the S-dual frame, but not in the "electric" frame. Even though our description has this short coming, it was enough for us to utilize it to compute various supersymmetric partition functions, some of which have not been obtained previously. The method presented in the current paper (which is originated from [1] ) can be used whenever some dual description of an SCFT has SU (2) gauge group coupled with 2 fundamental chiral multiplets (=1 full hyper). Or from the class S perspective, any theory that has the puncture of type [N − 2, 1 2 ] or [N − 2, 2]. Unfortunately, we are not aware of any such dual frames involving the E 8 SCFT. From the class S viewpoint, this theory is realized via 3-punctured sphere of A 5 theory with puncture types [1 6 ], [2 3 ], [3 2 ]. One can easily obtain 2 out of 3 punctures from the S-dual description of the SU (6) SQCD upon Higgsing one of the [1 6 ] punctures, but not all 3 of them. It would be very interesting to find a way to obtain the puncture of type [N − 3, 1 3 ] or [N − 4, 2 2 ], which would be enough for us to get the E 8 theory.
One of the applications of our "Lagrangian" description is on the instanton strings that appear in the "atomic classification" of 6d N = (1, 0) theories [42, 43] . Recently, ADHM-like construction for G 2 theories with fundamental matter multiplets have been found [44] (see also [45] for the case of SU (3)). Our construction significantly differs from their gauge theory attempts for the E 7 , and it would be interesting to see if our construction can be related to (a modification of) theirs so that it can be generalized to arbitrary number of instantons. Even though such a construction exists in class S [46, 47] , we are not aware of a gauge theory realization which would enable us to compute the elliptic genus of the instanton strings of E 7 or E 8 .
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A More on R 0,N theory
We consider the chiral ring of the R 0,N theory from the two different perspectives. In section A.1, we see the chiral ring described in section 2.1 is consistent with the duality of the SQCD. In section A.2, some chiral ring relations are shown to be obtained from those of the T N theory by nilpotent Higgsing.
A.1 On the duality of SQCD
We discuss the duality of N = 2 SU (N ) SQCD with 2N flavors. As found in [12, 21] , this theory is dual to R 0,N where the SU (2) flavor group is gauged with a fundamental hypermultiplet, q andq. The global symmetry is SU (2N ) × U (1) s in addition to U (2) R symmetry. Electric side Let us first see the chiral ring of the electric side. We denote the 2N hypermultiplets as Q f andQ f . The ring is simply generated by mesons
where the gauge indices are contracted. We divide the meson into the traceless part and the singlet:
See table 3 for the flavor charges of them. We normalize the baryonic U (1) s charges of baryons to be ±1. The chiral ring relations are
where X is arbitrary Higgs branch operator.
Magnetic side On the magnetic side, the SU (2) gauge theory has a superpotential
where the gauge SU (2) indices are contracted properly. The F-term relations are
From these, any gauge invariant operator involving µ SU (2) can be written in terms of q and q. In particular, Trµ 2 SU (2) = (Trqq) 2 . Thus we list the operators constructed from µ SU (2N ) , Q (N ) , φ D , q, andq in table 4. Note that as discussed in section 2.1, the U (1) s charges of q andq are normalized to be ±1. It is easy to see the agreement with the chiral ring of the electric side:
Moreover one can identify the chiral ring relation. The (2.2) plus the F-term condition leads to
This agrees with (A.3). Then the relation (2.3) multiplied by q α with the F-term condition gives
where we have used the F-term condition. This is indeed (A.4). The similar analysis for (A.14) leads to (A.5).
A.2 From T N chiral ring
One could study the chiral ring of the R 0,N from that of the T N theory. The latter has been found in [48] to be • Q (k) , where
, 0).
• See [49] for further investigation. There are chiral ring relations among them, for example [48] ,
, (A.13)
(A.14)
where v l are defined by
There are also relations obtained by applying the cyclic permutation A → B → C → A to the above relations. There should be other equations involving Q (k) with k = 2, . . . , N − 2, however we do not know the form of the relations. We start from these and see what happens if we close the SU (N ) C puncture. If we represent the Higgsing by the partition N = k kn k , the corresponding puncture is represented by n 1 = 2, and n N −2 = 1. Let us first consider the operator µ C which are in the adjoint representation of SU (N ) C . This representation is decomposed into
where V s is the spin-s representation of SU (2) . As the components of µ C , only σ 3 = −j component of each representation survives. Therefore, the moment map operator µ C can be written .19) where µ N−3 ,i are in 2 and2 representations of SU (2) respectively, and J 3 , J ± forming µ SU (2) are SU(2) moment map operators. Since the IR U (1) I 3 symmetry which is unbroken is 20) one can see that the operators µ SU (2) and µ U (1) have charge one under this. By using the chiral ring relation (A.12), the operators µ k−1,−k+1 with k = 2, . . . , N − 2 can be written in
. We now then turn to the operator Q (1) or Q (N −1) in T N . Since these are in the fundamental or the anti-fundamental representation of SU (N ) C , one needs the decomposition of this:
Thus, we write Q (1) as Moreover, as discussed in [18] , the relation (A.14) leads to (2.2)
Let us then see the other operators Q (k) , which is in the ∧ k representation of SU (N ) C . We will not fully work out the Higgsing, instead just see that to each decomposition of ∧ k , there appear the representation 2 of SU (2) which multiplied by ⊗V s i representation. The highest spin s max =
. For example, one can explicitly calculate that 25) and so on. Since the largest spin representation has highest ρ(σ 3 ), this gives the operator with the smallest I 3 charge, which is I 3 = N −1 2 for any k. Therefore we have operators which are in (∧ k , ∧ k , 2) with k = 2, 3, . . . , N − 2, with I 3 = N −1
2 . In addition to these, there are 1, 2) ) and (1, 1, 2)) representations respectively, with the same
all those operators become the (∧ N , 2) representation of SU (2N ) × SU (2). We denote this as Q (N ) .
B Higher order terms for the R 0,4 superconformal index
Here we give an explicit expression for the superconformal index of the R 0,4 theory to O(t 19 ). The characters χ w n denotes that of n-dimensional representation of SU (2) w symmetry, whereas χ y n is for the SU (2) 1 symmetry of the Lorentz group. We turned off other flavor fugacities. C Higher order terms for the E 7 superconformal index
Here we give an explicit expression for the superconformal index of the E 7 theory with the flavor fugacities turned off: 
